
Macedonian Veterinary Review 27, 112 p.7-15 (1998) 
UDC579.842. I 4.579.23 

MOLECULAR CHARACTERISATION OF TETRACYCLINE 
RESISTANCE OF SOME AVIAN SALMONELLA TYPHJMURJUM AND 

SALMONELLA ENTERJTJDJS STRAINS 

Virgilia Popa 1
, Marine la Borca 1

, Doina Danes2
, Daniela Nita1

, E ugenia Avram 1, 

I. Sandu3, M. Gruia1
, M.Danes 1 

I. Pasteur National Institute of Veterinary Medicine, Bucharest, Romania 
2. Faculty of Veterinary Medicine, Bucharest, Romania 

3. Centra l Laboratory for Veterinary Diagnosis, Bucharest, Romania 

Proceedi ngs of the VI Macedonian Poultry Days, Ohrid 6-9 May 1998 

Genetic screening by hybridization with tet M and let 0 DNA probes 
demonstrated, in Salmonella strains iso lated in 1996, the following: 14/15 (93.3%) 
of S. enteritidis strains and 9/ 12 (75%) of S. typhimurium strains harbored the tet M 
determinant; I 0/15 (66.6%) ofS. enteritidis strains and 7112 (58.3%) of S. typhimurium 
harbored also the tet 0 determinant. 

The PCR screening, for which we used primers provided by Dr. Eli sabeth 
Chaslus Dancla, !NRA Tours, France, and which underline a common fragment for 
the A,B,C,D,E determinants, was negative. 

The presence of the tel Mand tel 0 determinants, which code the resistance 
mechani sm by ribosomal protection against all types of tetracycline (first generation 
and the analogues of the second generation) could be attributed to a genetic acquisition 
from Gram-positive bacteria. 

In conjugation tests, with£. coli BM2 l (gyr A, Nair), tetracycline resistance 
shown high transfer frequency, which suggests the possibility of high epidemiological 
ri sk. The origi n of strains - three Romanian geographical regions - suggests that the 
M and 0 tetracycline resistance determinants were widespread among avian S. 
typhimurium and S. enteritidis strains. 
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INTRODUCTION 
A recrudescence of Salmonella strains isolations has been recorded in recent years 

in the poultry flocks of the Romanian avian industry: their frequency that was, in the Avian 

Pathology Department, Pasteur Institute, Bucharest, 7% in I 993 (5) reached 2 I% in 1996. 
Also, the resistance to tetracyclines is constantly rising: its relative frequency, in the avian 

Salmonella isolates, of 45% in 1993 reached 64% in 1996. The necessity arose worlds wide, 
for a surveillance programme for the microbial antibioresistance in animals with a view to, 

among others, rise on rational bases certain feed additives, and the implications of possible 
transfer of this resistance to humans ( 4,8). The standard control methods cannot be replaced, 
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but as the data are on many occasions ambiguous, the methodology of molecular biology 
is resorted to. The molecular characterisation of the bacterial strains is indispensable to a 
high quality epidemiologic study of the pathogenic strains on raising farms, and to their 
more rigorous control. In other words, the epidemiological surveillance is assisted by 
molecu lar typing techniques (6, 11 ). 

As the resistance to tetracycline may be considered a dominant phenotypic character 
of the avian Salmonella strains in the Pasteur lnstitute's collection we set ourse lves the 
task to molecularly and genetically characterize it. 

Although there exist almost 100 tetracycline derivatives, only 7 are extensively 
used in the veterinary practice. The representatives described between 1948 - 1957 
constitute the first generation, those described between 1965 - 1972 being the second 
generation. Tetracyclines were the first major group of antimicrobial agents in connection 
with which the term "broad spectrum" was used as they are active against various Gram­
positive and - negative bacteria, and even against some parasitic protozoa. They have 
therefore been used in the therapy of human and animal infections, even in those of plants 
and insects. But the most important limit of their usage is the microbial resistance 
developed against these agents. 

The bacterial resi stance to the tetracyclines of clinical use is mainly caused by the 
resistance acquired through the occurrence of resistant strains in a bacteria l population 
that was initially sensitive based on the selective pressure of the very administration of 
tetracyclines for chemotherapeutic purposes . The genes determining the resistance to 
tetracyclines commonly harbour mobile genetic elements I ike plasm ids and/or transposons ; 
the later may, in their turn , be either complex transposons, constituents of the Tn3 family or 
conjugative ones ( 13). The acquisition of the determinants of the res istance on plasmids 
and transposons is important particularly in the evolution of the antibioresistant bacteria 
as they provide the receptor cell predeveloped genes useful in the development of the high 
level expressions of resistance (3). The biochemical mechanisms of the res istance to 
tetracyclines are the: a) energy - dependent efflux of the antibiotic mediated by the resistance 
prote ins loca lised into the bacterial cytoplasmatic membrane; b) ribosomal protection by 
which tetracyclines can no more bind to the bacterial ribosome (site A of subunit 30S), and 
c) chemical alteration of the tetracycline molecule by means of an oxygen - requiring reaction 
that inact ivates the drug as an inhibitor of the proteinic synthesis. This last mechanism may 
exist under an unexpressed fo1m if the infectious foci in bird's body are poorly aerated (3 , l 0). 

The determinants of the resistance to tetracyclines have been grouped in definite 
classes based in the lack of cross-hybridisation under stringent conditions. However, 
some classes are related as they encode products with similar functions, such as the 
determinants mediating the tetracyclines efflux out of cell. Some of the resistance 
determinants , such as tel B and tet M, confer resistance both to the first and the second 
generation analogues of tetracyclines, while others, i.e. tel A, C,D, K,L, offer poor protection 
to the second generation analogues, particularly to minocyc line. Incidenta lly, the tel de­
terminants may induce poor resistance; they may even not protect against the tetracyclines 
analogues whose main target is the cytoplasmatic membrane. Some determinants, of the tet 

A - E type, contain a structural gene and a repressor one that mediate the res istance to 
tetra eye! in es . A I though the determinants of the resistance to tetracyclines are widely spread 
in pathogenic and non-pathogenic bacteria, certain classes seemed, up to a certain moment, 
to be more frequent in certain microbial groups; the explanation was the natural restrictive 
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acquisition of these determinants in bacterial populations at least two types of resistance 
mechanisms may be expressed in the same cell (3,9, I 0). 

The evaluation of this resistance - associated epidemiologic risk involves, besides 
evidencing the transfer frequency level, the determination as well of the genetic determinants 
classes prevalence in the bacterial strains under study. 

Materials and methods 
Avian bacterial strains of Salmonella cholerae suis, serovars typhimurium and 

enteritidis, under study originate from the isolations conducted in 1996 at the Central 
Veterinary Diagnosis Laboratory, Bucharest, and at the Avian Pathology and Molecular 
Biology Departments, the Pasteur Institute, Bucharest. The classification into the phagic 
type was carried out at the National Reference Centre for Salmonella, the Cantacuzino 
Institute, Bucharest. The investigations were performed by means of 18 hours old cultures 
in BHl (Sanofi Diagnostic Pasteur). 

The antibiophenotype was determined by Kirby - Bauer diffusimetry (I), for: 
ampicillin (Amp), amoxicillin (Amo), chloramphenicol (Cm), Kanamycin (Km), streptomycin 
(Sm), tetracycline (Tc), doxicycline (De), minocycline (My), gentamycin (Gm), nalidixic acid 
(Na!), and sulphonamide (SSS) ( biodiscs Sanofi Diagnostic Pasteur, Mueller Hinton culture 
medium Sanofi Diagnostic Pasteur). 

The resistance to tetracyclines was self-transferred by obtaining transconjugants 
with E.coli K

12 
BM

21 
( gyr A, Nal') as receptor strain (11). The conjugations were in liquid 

medium (11), or on nitrocellulose membranes with hydrophobic contour (HAEP, Millipore), 
by Buu - Hoi" & Horodniceanu technique of 1980 ( 13). Based on this technique, the transfer 
frequency was calculated by means of the ratio between the CFU/ ml of the transconjugants 
and the CFU I ml of the donor cells. The high transfer frequency ranges between IO -1 and 
10 -4, and the low one from 10 -s to 10 -9

. 

Molecular characterisation 

Plasmidic DNA extraction and analysis 
The plasmidic material was isolated based on the technique described by Takahashi 

and Nagano, l 984 ( 14 ), and analysed as previoulsy reported ( 6, l 1 ). 

Molecular screening for tet determinants 
Tet probes preparation 
The plasmids of interest in the reference strains containing plasmids recombined 

with the let sequences were purified by ultracentrifugation in caesium chloride (Protocol, 
Pasteur Institute, Paris). 

Following the agarose gel electrophoresis with low fusion point, the double enzymatic 
hydrolysis was performed after which the bands from the consecutive electrophoresis 
were digoxigenine labelled (Dig-High Prime, Boehringer Mannheim) as per the 
manufacturer's Protocol. The tet M probe was prepared and labelled at INRA, Tours, France. 
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Demonstration of tet determinants by membrane hybridisation 
The genetic material was either extracted in keeping with Wilson 's method, 1987 (16) 

and used in the hybridisation dot-blot technique, or evidenced follwing the colonies transfer 
directly on the membrane (12, 15). 

Both membrane types were prehybridised with SSC 6x (SSC Ix: 0.15 M NaCl, 0.015M 
Na citrate), 0.5% SDS, 0.05% Blotto (5% skim Regilait milk in water), at 65oC overnight. 
Hybridisation was then applied in SSC solution 6x, 0.1 % SDS, 0.05% Blotto with the 
digoxigenine labelled probe, at 65oC overnight. The membrane was then washed 3x at 65oC 
under stingency conditions with SSC 2x, SSC 2x-0.1% SDS, and SSC O. lx (12). The developing 
was by Dig High Nucleic Acid Detection Kit (Boehringer Mannheim), as indicated by the 
manufacturer, with the exception of stop buffers that were replaced by deionised water. 

The PCR screening for "tet" determinants 
The primers used, "tetl" and "tet 3" originate from INRA Tours, France. They 

amplify a fragment of 600 pb considered as common for determinants A, B, C, D, and E and 
their sequence is: tetl -5'-ATG CCA GTA CTC CCT-3'; tet3-5'-TTG CCCGAT AAG CTG-3'. 

They were se lected and synthesised by the team of SPAP, TNRA Tours, France. The 
DNA polymerase (Taq polymerase) was Appligene, and the oligonucleotides ( dNTP)- Gibco 
(2mM each). The protocol used was: 1 cycle: 94°C-2', 55°C- l ', 72°C- l .5'; 30 cycles: 94°C-l ', 
55°C- l ', 72°C-1.5'; I cycle: 72°C- l O' and then indefinitely at 4°C in a reaction volume of 25ml 
using thermal cycler GeneAmp PCR System 9600-Perkin Elmer. 

The amplification product was controlled by 1.5% agarose gel electrophoresis, 1 OOV, 
lh, ladder Raoul (Appligene) or Biozyme (Gibco). The reference strains containing the 
recombinant tet plasmids A, B,C,D,E and 0 of which the plasmid DNA had been extracted 
in agreement with the Takahashi and Nagano method were used as positive amplification 
controls. 

Results and discussions 
The strains - except for S. typhiumurium strain 407 that was isolated from a goldfinch 

and S. enteritidis strain 359 isolated from a calf (annex on a poultry farm)- originated from 
poultry flocks raised in the large scale pyramidal system in three geographical areas in five 
districts of Romania (figure I). 

Phenotypically, the strains fell into several resistance profiles (tables 1, 2, 1.2, 2 . 1, 
figures 2, 3 ). 

Both serovars are characterised by the predominant pluriresistance to antibiotics(9/ 
12-75% in S. typhimurium and 8/15-53.3% in S. enteritidis). In tetracyclines resistances 
group, only 5 S.typhiumurium strains were also resistant to doxycycline (one of them 
proving to be intermediary to minocycline as well). 

On the whole no phenotypic expression of the resistance to minocycline was recorded. 
Genetically, two strains of those tested for the self transferability of the resistance 

to tetracycline, i.e. S. enteritidis 358 and S. typhimurium 394 did not generate trans­
conjugants by the liquid medium conjugation technique. The transfer frequences, determined 
by the membrane conjugation technique, recorded high values (I 0- 1-10-4

). With other 
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bacterial genera, the two techniques evidence the narrow or broad spectrum of hosts for 
the conjugative plasmids (13). The high transfer values and the results of the conjugation 
tests suggest, with the Salmonella strains analysed, that some of their plasmids might 
have a broader host spectrum. 

Also, the plasmid co-transfer phenomenon was noticed with some strains, as 
demonstrated by plasmid profile of the transconjugants (small and large size plasmids). 
The plasmid profile , however, asks for additional molecular investigations. 

The molecular screening based on hybridisations with probes tet M and tet 0 
evidenced the following: 14 I 15 S. enteritidis strains and 9/12 S. typhimurium strains 
exhibited the presence of the tet M determinant, while l 0 I 15 S. enleritidis strains and 7 I 12 
S. typhimurium strains were positive for the tel 0 determinant as well (tables l , 2, J .2, 2.2, 
figures 4, 5). Strains 399 and 400 of S. typhimurium were negative for both types 0 and M 
determinants of the resistance to tetracycline. As mentioned in introduction, the simultaneous 
existence in the same strain of several determinants is not a new phenomenon; in the case 
of the Salmonella strains the hypothesis might be set forth of an acquisition of these 
determinants, initially residing in popuations of Gram-positive germs (Enlerococcus). 

Also, the prevalence of the two types of determinants - that induce resistance, 
through ribosomal protection, to most tetracyclines - indicates the risk of using an inefficient 
antibiotherapy in infections associated with these strains of Salmonella. 

This risk should be mentioned the more so as certain fragments ot the tet determinants 
did not prove, in phenotypic tests, functional - this being suggested by the lack, in 
antibiograms, as compared to the molecular evidence, of the resistances to minocycline; 
the detectable expressed ones - they may also entail the mute ones transfer themselves at 
high frequences. 

The origin of the strains in the three geographical areas (5 districts) suggests that 
the two determinants (Mand 0) of the resistance to tetracycline are widely spread in the 
avian strains of S. typhimurium and S. enleritidis. 

The PCR molecular screening with tel 1 and tet 3 primers of the fragment estimated 
to be common to determinants A,B,C,D and E, proved negative for the test strains, including 
the two strains that had been negative for determinants Mand 0 as well. 

Table I. Salmonella enleritidis: origin, antibiotype, plasmidic profile, "tel" 
determinants 

"tet 
No symho Strain Antibiotype Plasmidic Profiles Hybridization ABCDE" 

1 Kb tet 0 tet M PCR 
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Table 2. Salmonella typhimurium: origin, antibiotype, plasmidic profile, 
"tel" determinants 

Strain I Serovar Species/ Antibiotype Plasmidic Profiles Hybridization 
Kb tetO tetM 

"tet 
ABCO 

PCR 

table 3. Salmonella enteritidis: Transconjugants (x E.coli BM), 
plasmidic profile, tetracycline resistance transfer frequency 

N symbo 
0 1 
1 347 
~4 .. , - 3§.Cf::'.: 
3 357 
A 3§!>_; 
5 
$,' 
7 

Jt. ' 
9 368 
r '* 572 
0 
1 

3 

Antibiotype 

f 402'" S, entefftldis Tc!, SSS'...... ts:a~:e,3:3 ""'" -
-~-,- '~'+404:- ~x---S..e~-~~~idi;--= ,,ci Td ,Am"~i~1h' 6t4.B':~6.3n9~' ].:<---·~-"'-
s 

"tet" RT, 
membra 

ND 

Tc- tetracycline Km - kanamycin Sm - streptomycin Am - ampici//in Amo- amoxicil/in 
Cm - chloramphenicol De - doxicyclin SSS- sulfamide 

Table 4. Salmonella typhimurium: Transconjugants (x E. coli BM
2

) 

plasmidic profile, tetracycline resistance transfer frequency 

No Symbo Donor 
1 

Antibiotype Plasmidic Profiles 
Kb 

"tet"RT 
membra 
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Tcr Kmr 
Tc'.'sss' 

Td Amr Cmr 
Tcr: Kmr'. Smr 

Tc', Am', Cm', Amo', De' M 

Table I. I Salmonella enteritidis: Resistance 
fenotypes 

FENO TYPES NO. % 
STRAINS 

Tc' 3 25 
Tc', Km' 1 8.3 
Tc', SSS' 1 8.3 

Tc', SSS', Sm' 2 16.6 
Tc', SSS', Gm', De' 2 16.6 

Tc', SSS', Gm' Dc'; .Cm' , 3 25 

Table 2. I. Salmonella typhimurium: 
Resistance /enotypes 

Conclusions 

Td Kmr 
Tc' 'sss' 

Tcr, Amr, Cm 1 

Td, Kmr, Smr 
Tc', Am', Cm', Amo', De' M 

Table 1.2. Salmonella enteritidis: "tet" 
resistance determinants 

NO. 
FENOTYPES STRAINS 0 M+O 

. M 
Tc' 0 1 

Tc' Kmr 1 0 0 
Tc'.'ss$r 0 0 0 

Tc' SSS' Sm' 2 0 0 
Tc', ,$s8':, ~riJt, De' 0 0 2 

Tc', SSS',,~m', be', Cm' 0 0 3 

Table 2.2. Salmonella typhimurium: "tet" 
resistance determinants 

1. Within avian Salmonella strains under analysis the high frequency self -
transferable character of the resistance to tetracycline was found . 

2. The molecular analysis evidenced the prevalence of the determinants -0 and M 

types - of the resistance to tetracycline that induced resistance mechanisms by ribosomal 
protection. 

3. Several genetic Tc' determinants may co-exi st in Salmonella strains, as 
demonstrated by the concomitant presence of determinants 0 and Min 16 I 27 - 59.2 % of 
the strains analysed . 
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MOJIEKYJIAPHA KAPAKTEPlf3All,lfJA HA PE3lfCTEHil,lfJATA 
HA TETPAil,lfKJilfH HA HEKOM ABlfJAPHlf COEBlf 

HASALMONELLA TYPIIlMURIUM lf SALMONELLA ENTERITIDIS 

1 l 2 . I 
B11pnrn1rn Ilona , Mao111-1ena Eo1:ic1a , ,IJ,011Ha ,!],aHew , ,!],a1111ena HHTa , 

\ 3 I I 
Eyre1111a AnpaM , M. CaH/W , MTpy11a , M.,!],aaew 

J. IIacTepon Iial\110HaneH neTep1rnapeH IlHCT11TyT, EyKypewT, PoMarmja 

2. BeTep111·iapeH tjJaKyrrTeT, EyKypewT, PoMaH11ja 

3. Ue1upamra na6opaTop11ja 3a BeTepHHapH11 p,11jarH03Il, EyKypewT, POJ\rnn11ja 

re1-1eTCKl10T CKp11H111ff npeKy Xll6p11p,Il3al\11ja co TeT M 11 Te'f 0 AHK npo6Il ro 

noKa)!<aa, Kaj coem1Te 1rn canM011ena 113on11paHil no 1996 rop,1rna, cnep,1-10To: 14/ 15 (93.3 % ) 
op, Salmonella enteritidis coeBlllTe 111 9/12 (75%) O,[I S. typhymurium coen11Te ja nocep,ynaaT TeT 

M p,eTepM11HaHTaTa 11 10/15 (66.6%) op, Salmonella enteritidis coeswre 11 7/12 (58.3%) op, S. 

typhymuriurn coes11Te 11CTO TaKa ja nocep,ysaaT TeT 0 p,ecrepM11HaHTaTa. 

CKp11H11HroT co IIUP Tex1mKaTa 3a Koja Kop11cTeBMe npajMep11 p,0611eH11 op, 

EmBa6eT Illacnyc ,!J,aHena, HHPA Type, <Ppa11l\11ja 11 co Koja ce p,oKa2KynaaT 3aep,Hw1K11Te 

cjJparMeHTl1 3a A , E , U,, ,!],, E p,eTepMilHa!!TllTe, 6ewe 11eraT11ne1-r. 

Ilp11cycTBOTO 11a TeT M 11 TeT 0 p,eTepMilHaHTilTe KOil [ll KOP,!1paaT MexaHll3MllTe 

3a pe3IICTeHl\l1ja npeKy p116030MCKa 3aWTilTa npOTl1B CIITe TllllOBil Ha TeTpal\11KJIIlHil ( OA 

npsarn renepal\11ja 11 mranon-111Te op, BTopaTa re11epal\11ja) M02KaT p,a 611p,aT nonp3a1111 co 

rer-IeTCKO npenecyna1-be OA rpaM-n0311Tl1BHJ1Te 6aKTepn11. 

Bo TecTOT 1ra K01-hyra11Hja co E. coli 5M21 (gyr A, Nalr) pe3HCTem-111jaTa Ha 

TeTpal\llKJlllH noKa)!<a Bl1COKa Tpa1-1ctjJep tjJpeKBeHl\llja WTO cyrepllpa 3a MO>KHOCTa OA 

s11coK ennp,eM11onowK11 pII311K. IloTeKJIOTO Ha coen11Te - Tp11 PoMaHCKH reorpatjJcK11 

per1101-111 - cyrep11paaT p,eKa M ll 0 p,eTepM11HaHT11Te 3a pe311cTeHl\HjaTa Ha TeTpal_\HKJIHH ce 

w11p0Ko pacnpocrpa11cT11 Mefy S. typhirnurium 111 S. enteriditis. 


